The tetranuclear complexes [M 4 (4) 
Introduction
The study of the electrochemical behavior of polymetallic compounds is a field of great potential interest directly related to molecular biology, electrosynthesis, electrocatalysis or new ionic materials with potential electronic and magnetic properties. 1 Transition metal clusters are able to adopt a range of formal valence states and usually undergo several reversible one-electron processes. Although metallic clusters frequently behave as electron reservoirs, 2 a series of metal carbonyl clusters displaying electron-sink features, comparable 26 to Fe-S cubane clusters, have been very recently reported. 3 The structural effects following the redox changes in clusters are quite unpredictable. The changes in the metal-metal bond distances are generally consequence of the reversible loss or gain of electrons and encompass metal-metal bond formation or rupture, isomerization and rearrangement processes. 4 Irreversible redox steps are frequently associated to cluster fragmentation after the electron exchange although cluster fragments of lower nuclearity have rarely been characterized. 5 Noteworthy, the metal core cohesion may be reinforced towards fragmentation by chelating and bridging ligands. 6 Polynuclear complexes supported by highly flexible bridging ligands are closely related to clusters in spite of lacking metal-metal bonds. As the metals are hold in proximity, the possibility of metal-metal bond formation is still open by the flexibility of the molecular framework to adapt both to variations of metal-metal separation and to the coordination geometries about the metal atoms. 7 The redox chemistry of tetra-bridged 2 L 4 ] (M= Rh, Ir) 9,10 has been studied in considerable detail. In contrast, less attention has been paid to the redox chemistry of tri-and tetranuclear rhodium and iridium complexes although they are expected to act as precursors for multi-electron-transfer processes. 11, 12 We have prepared a variety of polynuclear complexes with bridging ligands having a N-C-X (X = N, O, S) structural donor unit, 13 and in particular, a new family of tetranuclear rhodium and iridium aggregates supported by two tridentate 2,6-pyridinedithiolate bridging ligands of general formula [M 4 (µ-PyS 2 ) 2 (diolefin) 4 ]. 14 These compounds undergo two consecutive and reversible one-electron oxidations, although the electrochemical behavior of the iridium complexes is more complicated, and we report here on their chemical oxidation leading to stable paramagnetic and diamagnetic polynuclear complexes. (Table 1) . Thus, for the tfbb complexes 2 and 4 they are anodically shifted relative to those observed for the cod complexes 1 and 3, respectively, in agreement with the stronger π-acceptor character of the tfbb ligands. On the other hand, the reversible oxidations of the iridium complexes 3 and 4 are found at lower formal electrode potentials relative to those observed for the rhodium complexes 1 and 2, respectively, indicating that the iridium complexes are easier to oxidize than the related rhodium complexes. The difference between the formal potentials of both oxidation processes in the tetranuclear complexes is large enough (0. Furthermore, the linear voltammograms at RDE show two characteristic steps but the sign of the current is negative for the first process and positive for the second, which confirms both the identity and the purity of the mono-oxidized species.
Results

Synthesis and electrochemical properties of [Ir 4 (µ-
The X-band Electron Paramagnetic Resonance (EPR) spectrum of a solid crystalline sample of 1a + consists of a slightly asymmetric line centered at about g = 2.20. When 26 measured at Q-band, three clearly resolved features can be observed (Figure 3a ). This spectrum can be described as due to an S = 1/2 entity and the following spin-Hamiltonian: gave an excellent agreement between the calculated and experimental spectra (Figure 3 a) .
Then, the trace of the g-tensor, g = (g x + g y + g z ) / 3 resulted to be 2.16 ± 0.01. The EPR spectrum of 2b + is similar to the former and can also be described with the spin-Hamiltonian given above with g x ≈ g y = 2.088 ± 0.005, g z = 2.155 ± 0.005; g = 2.11 ± 0.01. No hyperfine structure was observed again. However, the EPR spectrum of 1a + measured in X-band on a was attempted using silver salts as chemical oxidants. When complexes 1 and 2 were reacted with one molar-equiv of a soluble silver salt in an acetone-dichloromethane mixture resulted insoluble purple solids, which are probably coordination polymers, 18 without formation of metallic silver. Silver salts behave thus as non innocent one-electron oxidants. However, when complex 1 was reacted with two molar-equiv of AgBF 4 an oxidation process resulted evident, since a dark suspension containing metallic silver was immediately formed.
Interestingly, the brown solid isolated from the solution was found to be identical to that obtained from the reaction of the mono-oxidized complex 1b + with only one molar-equiv of . This compound was isolated as an air-sensitive purple paramagnetic solid and the formulation is supported by the FAB + mass spectrum, which showed an intense peak at m/z: 1705 with the right isotopic distribution. The EPR spectrum, measured in X-band at room temperature, showed a single Lorenztian line centered at about g = 2.11 with a peak to peak width of 5.2 mT. This g-value strongly suggests that the unpaired electron is located on the rhodium atoms. The ionic character of this compound was confirmed by conductivity measurements in acetone, but we have been unable to obtain satisfactory elemental analyses.
We believe that the species [AgRh 4 (µ- The diamagnetic complexes 5 and 6 were characterized by elemental analyses, mass spectra and 1 H NMR spectroscopy, while [Ir 3 (µ-PyS 2 ) 2 (cod) 3 ]BF 4 (5b) was fully characterized by X-ray methods (see below). They maintain the structure in solution since both 2,6-pyridinedithiolate ligands and all the olefinic protons of the three coordinated diolefins are inequivalent in the 1 H NMR spectra, in agreement with the lack of symmetry of the complexes.
It is interesting to notice that the 62-electron dicationic species [Ir 4 (µ- 14 indicating that 5b is also electrochemically generated after the two-electron oxidation of 3. Therefore, the 62-electron dicationic species [Ir 4 (µ- 3 ]BF 4 (5b). Figure 5 shows a representation of the trinuclear cation together with the atom labeling scheme used, and Table 2 displays selected bond distances and angles. The complex cation is formed by three iridium atoms, three cyclooctadiene molecules -each one chelated to a different metal center-, and two 2,6-pyridinedithiotale groups, bonded to the iridium atoms through the pyridine nitrogen and the sulfur atoms in a non symmetric way. One of these two bridging ligands (see Figure 5 ) is coordinated in a chelate fashion through S(1) and N(1) to Ir(1), while S(2) presents a µ 2 coordination to both Ir (2) suggest that the tetranuclear framework remains unchanged after the oxidation process, although structural modifications are expected to affect mainly to the metal-metal separations and slightly to the metal-ligand separations, as observed for related trinuclear complexes. 12 Indeed, a shortening of the metal-metal distances upon oxidation has been frequently observed in related dinuclear complexes where the HOMO is a metal-based orbital antibonding in character. 10, 22 We have carried out an extended Hückel molecular orbital (EHMO) calculation 23 based on the molecular parameters obtained from the X-ray data of complex [Rh 4 (µ-PyS 2 ) 2 (cod) 4 ]
(1) under C 2 symmetry. An interesting result from these calculations was to find a net overlap between one external rhodium atom and its inner neighbor (overlap population 0.013 e -), while there is a slightly antibonding character between the two inner rhodium atoms (overlap population -0.006 e -). This bonding scheme is consistent with the long distance between the inner rhodium atoms (3.921 Å), and the short separations between an inner and the nearest external rhodium atom (3.143 Å) observed in the molecular structure of complex 1 (Figure 1 ). The hyperfine coupling observed in the EPR spectrum of the rhodium cation 1a + clearly stablishes that the odd-electron spin density is delocalized between two equivalent metals to give a triplet. In other words, the two internal metals in the structure of 1 share the unpaired electron. Moreover, if there were an interaction of this electron with the two external metals it would be very weak, since it would only produce the broadening of the lines of the triplet.
Therefore, the formation of a bond of order 1/2 between the internal metals occurs after the first oxidation, which should lead to an aproximation of these two metals relative to 1, and to a larger separation and weakening of their interactions with the external metals. These structural changes made that the calculations of the overlap populations for the HOMO in the 
Concluding Remarks
The rhodium and iridium tetranuclear complexes [M 4 crystal data and refinement parameters is given in Table 3 . Suitable crystals for X-ray diffraction were obtained by slow difusion of n-hexane into a concentrated solution of 5b in a mixture of dichloromethane/acetone. The selected crystal was a dark-purple irregular block of approximate dimensions 0.24 × 0.18 × 0.13 mm. Difraction data were recorded at 173 K on a Siemens-Stoe AED-2 diffractometer using graphite-monochromated Mo-K α radiation (λ = 0.71073 Å). Cell constants were obtained from the least-squares fit on the setting angles of 46 reflections in the range 25 ≤ 2θ ≤ 32º. 7239 reflections with 2θ in the range 3-50º were measured using the ω/2θ scan technique and corrected for Lorentz and polarization effects, and a semiempirical absorption correction, based on azimuthal ψ-scans from 12 reflections, was also applied. 36 Three standard reflections were measured every 55 minutes as a check of crystal and instrument stability; no important variation was observed.
The structure was solved by direct methods (SIR92) 37 and difference Fourier techniques and refined by full-matrix least-squares on F 2 (SHELXL97), 38 
